INTRODUCTION

M
any Pharmacologically active compounds are amphiphillic in nature, which may undergo diff erent types of association, and whose site of action is frequently, the Plasma membrane. In many cases excellent correlation between surface activity of drugs and their biological actions was demonstrated. Earlier reports shows that the wide variety of surface active drugs reveled that there might be a common mechanism due to surface activity, which governs their action [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . It has been shown that the surface-active drugs at the site of their action generate liquid membranes, which acts as barrier to the transport of relevant permeants. Th ere are reports that many antmicrobial agents like Norfl oxacin, Ciprofl oxacin [13] , Cefuroxime sodium [1] and Tinidazole [14] are amphiphillic in nature and generate the liquid membrane at the site of their action. In addition they have reported that this phenomenon also contribute for their anti-microbial action.
In the present study Cefuroxime sodium, (Fig. 1 ) a second generation broad-spectrum cephalosporin was used, having both hydrophilic and hydrophobic domains in its structure. In our earlier publication it was reported that Cefuroxime sodium at critical micellar concentration (CMC) form the liquid membrane over the cytoplasmic membrane of bacteria. Because of the liquid membrane formed by Cefuroxime sodium the transport of essential ions, glucose and p-amino benzoic acid was decreased. Cellulose Acetate Microfi ltration membrane has been specifically chosen as the site for formation of liquid membrane. Th e present study is designed so as to assess this hypothesis and its role in the anti-microbial activity of the study drug.
MATERIALS AND METHODS
Materials
Cefuroxime sodium ( 
Methods
Th e Critical Micellar Concentration (CMC) of aqueous Cefuroxime sodium was determined from the variation of surface tension with the concentration at 37 ± 0.1 °C and was found to be 5 × 10 -4 ( Table-1 M cholesterol) so as to simulate the bacterial and human cell membranes respectively. For the measurement of hydraulic permeability data, aqueous solution of Cefuroxime sodium at various concentrations were placed in compartment C and compartment D was fi lled with de-ionized water. Th e concentration ranges of Cefuroxime sodium were so chosen that covers both above and below CMC. Th e hydraulic permeability was determined separately for Sartorius cellulose acetate micro fi ltration membrane coated with lecithin alone and cholesterol + lecithin. Th e procedure described in the earlier publication [9] was adopted for obtaining the hydraulic permeability data.
Where Js and Jv are the solute fl ux and volume fl ux per unit area of the membrane, respectively. Δπ is the Osmotic pressure diff erence across the membrane. For the measurement of ω, one compartment of the transport cell (2CMC) was fi lled with aqueous solution of Cefuroxime sodium along with permeant. Other compartment was fi lled with de-ionized water. In control experiments, no drug was used; concentration of the drug in these experiments was always kept higher than its CMC to ensure complete coverage of the supporting membrane with the liquid membrane generated by Cefuroxime sodium. All measurements were made at constant temperature (37 ± 0.1 °C) using a thermostat.
Study of antimicrobial activity
Cefuroxime sodium a second generation cephalosporins was screened against bacteria at above CMC, CMC and below CMC (0.25, 0.5, 0.75, 
Results and discussion
In our earlier publication [1] it was reported that Critical Micellar Concentration (CMC) of aqueous Cefuroxime sodium was determined from the variation of surface tension with the concentration at 37 ± 0.1 °C and was found to be 5 × 10 -4
( Table-1) .
Th e hydraulic permeability data at various concentrations of Cefuroxime sodium were found to obey the linear relationship i.e.
Jv = Lp. Δp. ----------(2)
Where, Jv represents the volume fl ux per unit area of the membrane, Δp is the applied pressure diff erence and Lp is the hydraulic conductivity coeffi cient. Values of Lp at various concentrations of Cefuroxime sodium were obtained from a plot Jv Vs Δp (slope of the plot is Lp). Th e value shows decreasing trend with increasing concentration of Cefuroxime sodium up to CMC. Beyond which it becomes more or less constant. Th is is indicative of progressive coverage of the supporting membrane with liquid membrane generated by the drug in accordance with the Kesting hypothesis [15] .
Analysis of hydraulic permeability data in the light of mosaic membrane model [16] [17] further supports the existence of the liquid membrane in series with supporting membrane. Following the arguments given earlier it can show that concentration of the surfactant is n' times its CMC, n being less than or equal to 1, the value of Lp would be equal to The values are presented as arithmetic mean ±standard deviation of 6 determinations.
was added to the compartment C, which provides additional evidence regarding incorporation of Cefuroxime sodium in lecithin and lecithin-cholesterol membranes [9] [10] . From the solute permeability (ω) data it was observed that Cefuroxime sodium reduce the permeation of D-Glucose, PABA and ions like magnesium, phosphate, ammonium, Sodium, Potassium, Calcium and Chloride [1] . It seems Cefuroxime sodium forms the liquid membrane over the cell membrane and inhibits the transport of the essential ions and bio-molecules and thereby inhibits the normal functioning of cell. Th is may also contribute for the bactericidal eff ect of the Cefuroxime sodium. In addition to this the permeability of various solutes through lecithin + cholesterol membrane is also reduced signifi cantly. Th is may contribute for the side eff ects associated with the drug. However, further studies are needed to confi rm this.
In the present investigation it was observed antimicrobial activity (Table- 2) of the study drug at 0.25, 0.5, 0.75, 1.0, 2.0 and 3.0 CMC was studied against Gram-positive and Gram-negative organism. It was found that the zone of inhibition of Cefuroxime sodium against S.aureus and E.coli increased upon increase in concentration up to 1 CMC and above CMC it was almost constant. Th e data of antibacterial activity of Cefuroxime sodium was indicated that the CMC and MIC of Cefuroxime sodium are nearer or within the eff ective range. Th ese results further confi rmed that the generation of liquid membrane by these agents is also contributing for the antibacterial activity of Cefuroxime sodium. Hence, we can suggest that the liquid membrane generated by Cefuroxime sodium do contribute for antibacterial activity as a complementary to receptor specifi c mechanisms explained earlier.
CONCLUSION
It is apparent from the results that the generation of liquid membrane over the cell membrane may also contribute for the bactericidal eff ect of Cefuroxime sodium. Antibacterial activity of Cefuroxime sodium at below CMC, CMC and above CMC against S.aureus and E.coli indicates that as the concentration of these drug increases the antibacterial activity also increases at above CMC the antibacterial activity is more or less constant. Th is confi rms the liquid membrane formed by Cefuroxime sodium will act as an additional mechanism to the conventional mechanism.
